Results-Twenty three eyes (92%) showed a zone of no fluorescence around the disc (non-fluorescent zone). Of these, the zone width of the 20 eyes that had visible ciliary vessels within the zone was wider than that of the other three eyes, and showed fluorescein diffusion from the outer boundary of the zone towards the disc. The diffusion reached the disc if the zone was narrow. In those 20 eyes, a standardised difference in the zone width of inferior temporal sector minus superior temporal sector correlated with the difference in mean loss of corresponding visual field regions (rY0.48, p=0.0312). Conclusion-The visible ciliary vessels suggest the absence of the choriocapillaris in the non-fluorescent zone, the width of which correlated with the visual field defect and may affect the amount of the fluorescein diffusion to the disc. This suggests that the diffusion might be related to optic nerve damage in glaucoma.
A number of studies'-" demonstrated an association between the distribution of the peripapillary crescents and the localisation of optic nerve damage in glaucoma. Thus, the crescents may play some role in glaucomatous optic nerve damage.' '5 Although the mechanism is unknown, there may be a contribution from some serum materials such as vasoconstrictors' " to the disc through the choriocapillaris surrounding it.
Fluorescein angiography, which can reveal vascularity and serum leakage, may give us more information about the peripapillary structure and serum dynamics. Though some investigators ""7 reported fluorescein angiographic findings for the peripapillary region in glaucoma, they referred to the global appearance of the choroidal filling in the posterior pole, not to the findings for the crescents or the region corresponding to them. 20 degree setting was projected perpendicularly onto a grid designed for this study (Fig 2) . With a modification of a previous method,7 the grid was divided by equally spaced radii, along which arbitrary distance units were established. The projection was set so that the scale reading of the superior pole of the disc on the upper vertical radius was the same as that of the inferior pole of the disc on the lower vertical radius. Then, three observers as a group traced onto the grid the disc margin and, if recognised, the outer boundaries of the nonfluorescent zone. The magnification rate of the projected angiogram was 20 times. We used the angiogram of early venous phase for the tracing since the width of the non-fluorescent zone generally became narrow with time. Between the measurements, each angiogram was masked to conceal the patient's clinical records.
The vertical diameter of the disc on the grid was measured and then the actual width of the non-fluorescent zone on each radius was calculated based on Bengtsson and Krakau's glass refraction method.2' Here, the calculated camera constant was 0.055 and we substituted 58.64 dioptres (Gullstrand) for the refractive power of the eye. Mean value of the actual non-fluorescent zone widths from all radii Diffusingfluorescein from the periphery of the non-fluorescent zone is reaching the disc at the superior temporal sector (arrow), whereas in the inferior temporal sector, it is short of the disc edge (arrowhead). On the nasal side, the late hyperfluorescence is appearing along the disc margin. 
Results
The mean age ofthe 25 subjects was 54.4 years with a standard deviation (SD) of 12.6 years. Of the 25 subjects, 19 were male (age 55.6 (12.5) years) and six were female (age 50.5 (13.9) years). Refractive error distributed from -14.00 dioptres (D) to +2.50 D for all eyes (-3.32 (3.97) D). There was no statistically significant difference in age or refractive error between these 25 subjects and the 200 subjects selected first.
The non-fluorescent zone was simply defined as the zone of no fluorescence adjacent to the disc regardless of its shape or apparent width (Fig 3A) . Outside the non-fluorescent zone in temporal sectors there generally was an irregularly fluorescent band. Of the 25 eyes, 23 eyes (92%) showed a non-fluorescent zone. If present, it was generally the case that the nonfluorescent zone was apparently wider in temporal sectors than in nasal sectors, and that the boundaries were indistinct in nasal sectors. Because of this, measurement of the nonfluorescent zone width and analyses associated with the zone were carried out only for temporal sectors. Mean width of the non-fluorescent zone (n=25) was 0. 29 It was also mostly the case that the ciliary vessels in the non-fluorescent zone were visible in temporal sectors whereas they were not in nasal sectors (Fig 3A) . However, in three eyes of the 23 eyes having a non-fluorescent zone, the ciliary vessels were not visible even in temporal sectors, and the width of the zone for each temporal sector was apparently narrower in the three eyes than in the 20 eyes with visible ciliary vessels (Table 1) .
Mean loss was 8.6 (5.3) dB (n=25) for the whole tested visual field, 12.6 (8.8) dB for superior Bjerrum region, 3 .1 (7.2) dB for central region, and 10.2 (7.9) dB for inferior Bjerrum region. The rate of false answers (number of pseudopositive and pseudonegative answers per number of pseudostimuli and the brightest stimuli) of the included visual fields was not more than 20%. Table 2 shows correlation coefficients of non-fluorescent zone width in each temporal sector with age, refractive error, and mean loss in the corresponding visual field region for all subjects. There was little correlation of age with non-fluorescent zone width. Refractive error showed a negative correlation with non-fluorescent zone width for each sector. Corresponding visual field loss showed a positive correlation with non-fluorescent zone width for the superior temporal sector only.
Fluorescein dynamics around the disc after the early venous phase seemed to vary in accordance with whether the non-fluorescent zone had visible ciliary vessels. If there was a non-fluorescent zone with visible ciliary vessels, hyperfluorescence appeared in the periphery of the zone after the early venous phase and it gradually diffused towards the disc. Finally in Figure 1 . n=25.
the late phase, the diffusing fluorescein had reached the disc edge in some sectors (Fig 3B) .
On the other hand, if there was no nonfluorescent zone with visible ciliary vessels (that is, there was a non-fluorescent zone but without visible ciliary vessels, or there was no apparent non-fluorescent zone), hyperfluorescence started to appear along the disc margin and then slightly expanded both to the inside and outside in the late phase (Fig 3B) .
For the 20 eyes with visible ciliary vessels, we attempted to examine if the width of the non-fluorescent zone affected the diffusing fluorescein reaching the disc. Thus, three examiners decided independently whether the apex of the late fluorescein diffusion reached the disc edge or not in each temporal sector of the 20 eyes, and the majority of the three judgments was considered as our final decision for the site of the apex of the diffusion. This was done with each angiogram, masked to conceal the patient's clinical records. Table 3 summarises the association of site of the apex of the fluorescein diffusion with non-fluorescent zone width. Here, in each of the three temporal sectors, the non-fluorescent zone width was narrower in the group with the late fluorescein diffusion reaching the disc than the group without.
We evaluated whether the distribution of non-fluorescent zone spatially correlates with the pattern of visual field defect. Thus, the width difference of the inferior temporal sector minus the superior temporal sector was divided by the mean of the two for a standardisation. Then the standardised width difference was compared with the mean loss difference of superior Bjerrum region minus inferior Bjerrum region. The correlation was significant when only the 20 eyes with visible ciliary vessels were included (r=0.48, p=0.0312, n=20, Fig 4) . If the three eyes without visible ciliary vessels were added into the analysis, the correlation was weaker (r=0.41, p=0.0515, n=23). In the narrow type of non-fluorescent zone, the non-fluorescence may be due to intense pigmentation of retinal pigment epithelium (RPE) (double layered RPE,"4 for example), to assume accompanying loss of the underlying choriocapillaris in the wide type of nonfluorescent zone. However, in the narrow type, the choriocapillaris is likely to extend immediately to the disc edge under the intensely pigmented RPE. Therefore, for the condition of peripapillary choriocapillaris, the narrow type of non-fluorescent zone may be the same as when there is no non-fluorescent zone.
Previous studies27"0 showed that the physi- In our observation, the diffusing fluorescein in the wide type of non-fluorescent zone tended to reach the disc if the zone width was short. This tendency further confirms the above explanation, and at the same time suggests that the width of the absence of the peripapillary choriocapillaris affects the diffusion reaching the disc. A further explanation of the spatial correlation between the visual field and non-fluorescent zone (Fig 4) is that the amount of the diffusion reaching the disc might be an essential factor in the correlation. Moreover, if we assume that the nonfluorescent zone had already existed before nerve damage, this might further indicate a possible role of diffusion in nerve damage.
Though some parts of the crescents could be the result of acquired changes,5 12 14 recent studies56121' showed that the change in the size of the crescents in glaucomatous eyes is minor and infrequent in the progression of glaucomatous nerve damage. In our observations, the correlation coefficient of non-fluorescent zone width with refractive error for each temporal sector was significant, whereas that with corresponding visual field loss was only significant for the superior temporal sector (Table 2) . Although the findings of non-fluorescent zone we presented were those seen only in glaucomatous eyes, one frequently finds a nonfluorescent zone in eyes of myopic subjects who undertake fluorescein angiography for diseases other than glaucoma. Therefore, it may be likely that the non-fluorescent zone itself is mostly a feature of myopia and thus existed before the optic nerve damage. Further, we believe the correlation of nonfluorescent zone width with refractive error is a consistent finding with a correlation between myopia and crescents."
It might be possible that serum diffusion to the disc plays a protective role against nerve damage in POAG: axons not able to receive enough serum diffusion from the peripapillary choroid might be more susceptible to a raised IOP. Thus, the late hyperfluorescence at the nasal edge of the disc, which was observed in most eyes in this study, could explain the phenomenon that nasal nerve fibres are relatively free of damage until the last stages of glaucoma. One might speculate on candidates for possible factors in serum diffusion. Nitric oxide, acting as a vasodilator when synthesised from endothelium,'2 could be released from the peripapillary choroid and affect the sectoral circulation at the optic nerve. Scavengers for oxygen free radicals'2 might also derive from the peripapillary choroid and could prevent some cytotoxic processes in the optic nerve to which oxygen free radicals might contribute.
Previous investigators'4" have already hypothesised that the influence of diffusion is associated with peripapillary crescents in glaucomatous eyes and supposed the diffusing substances were vasoconstrictors, which might worsen the disc environment. Thus, they hypothesised that the amount of diffusion might be greater in the region of a crescent, though this has not been proved." This may be opposite to our above interpretation about fluorescein dynamics in the peripapillary area.
It is important to speculate whether the high incidence of the non-fluorescent zone in POAG (80% for the wide type) is acceptable generally. In our results, distribution of refractive error was almost the same between the 200 subjects randomly selected and the 25 subjects finally included. This, together with the significant correlations between non-fluorescent zone width and myopic degree, suggests a general high incidence of non-fluorescent zone in POAG. Thus, an insufficiency in the serum diffusion to the disc in POAG might be a common phenomenon. We realise, however, that the cause-result relation between the amount of the diffusion and nerve damage requires further confirmation by longitudinal studies.
The method of grading the extent of fluorescein diffusion is a limitation of this study. If more quantitative methods than those used in our study are available, fluorescein dynamics might be better evaluated in their velocity or in the amount reaching the disc. This might be accomplished by a digital subtraction method for images of angiograms. Further studies are required to determine whether the correlation of non-fluorescent zone width with the amount of fluorescein diffusion is the same between eyes with and without glaucoma, or whether there are any factors that regulate the diffusing velocity or the diffusing amount to the disc.
